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Description 

[0001] This invention relates to potynners useful as the base resin In resist compositions, especially chemical ampli- 
fication resist compositions, suited for microfabrlcation. It also relates to resist compositions comprising the' polymers,- 
5 and a patterning process using the same. 

BACKGROUND 

[0002] In the drive for higher integration and operating speeds in LSI devices, the pattern rule is made drastically 
10 finer. The rapid advance toward finer pattern rules is grounded on the development of a projection lens with an increased 
NA, a resist material with improved perfomnance, and exposure light of a shorter wavelength. To the demand for a 
resist material with a higher resolution and sensitivity, acid-catalyzed chemical amplification positive working resist 
materials are effective as disclosed in USP 4,491 ,628 and UiSP 5,310,619 (JP-B 2-27660 and JP-A 63-27829). They 
now become predominant resist materials especially adapted for deep UV lithography. In particular, the change-over 
IS from i-line (365 nm) to shorter wavelength KrF laser (248 nm) brought about a significant innovation. Resist materials 
adapted for KrF excimer lasers enjoyed early use on the 0.30 micron process, went through the 0.25 micron rule, and 
currently entered the mass production phase on the 0.18 micron rule. Engineers have started Investigation on the 0.15 
micron rule, with the trend toward a finer pattern rule being accelerated. 

[0003] with respect to AI'F laser (193 nm), it Is expected to enable miniaturization of the design njle to 0.13 jam or 
20 . less. Since conventionally used novolac resins and polyvinylphenol resins have very strong absorption in proximity to 
1 93 nm, they cannot be used as the base resin for resists. To ensure transparency and dry etching resistance, some 
engineers investigated acrylic and alicyclic (typically cycloolefln) resins as disclosed in JP-A 9-731 73, JP-A 1 0-1 0739, 
JP-A 9-230595 and WO 97/331 98. 

[0004] With respect to Fg excimer laser (157 nm) which Is expected to enable further miniaturization to 0.10 ^im or 
25 less, more difficulty arises In insuring transparency. It was found that acrylic resins useful as the base polymer for ArF 
are not transmisslve to light at all and those cycloolefln resins having carbonyl bonds have strong absorption. Also, 
polyvinyl phenol useful as the base polymer for KrF has a window for absorption in proximity to 1 60 nm, so the trans- 
mittance Is somewhat Improved, but far below the practical level. 

[0005] An object of the invention is to provide novel polymers useful as base polymers in resist compositions, pref- 
30 erably having a high transmittance to vacuum ultraviolet radiation in the wavelength range up to 300nm, and preferably 
any one or more of F2 excimer laser beam (1 57 nm), Kr2 excimer laser beam (146 nm), KrAr excimer laser beam (134 
nm) and Ar2 excimer laser beam (121 nm). Other aspects are novel resist compositions comprising such polymers, 
and patterning pn^cesses using them. 

[0006] We have found that by using as base resin a polymer having fluorinated ester groups, resist compositions 
35 featuring transparency and alkali solubility can be obtained. 

[0007] In a first aspect, the invention provides a polymer having groups of the following general fomiula (1 ). 
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Herein R'', R2, R3 and are independently hydrogen, fluorine or unsubstituted or fluorinated, straight, branched or 
cyclic alkyi groups of 1 to 20 carbon atoms, and at least one of R'', R2, R3 and R* is or contains fluorine. 
[0008] In one prefen-ed embodiment, the polymer includes recumng units represented by the following general for- 
so mula (2-1 ), (2-2), (2-3), (2-4) or (2-5). 
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. Herein R** to are as defined above; R^^ R^ and R^ are independentiy hydrogen, fluorine or unsubstltuted or fluori- 
nated, straight, branched or cyclic alkyi groups of 1 to 20 carbon atoms; R^ and R^ are independentiy hydrogen, methyl 
45 or CH2CO2R''''; R^° is an unsubstituted or fiuorinated, straight, branched or cyclic alkylene group of 1 to 20 carbon 
atoms; R^^ is a substituted or unsubstituted, straight, branched or cyclic all<yl group of 1 to 20 carbon atoms; and k Is 
equal to 0 or 1. 

[0009] In a second aspect, the invention provides a resist composition comprising polymer as defined above. One 
embodiment of the invention is a chemical amplification, positive resist composition comprising (A) the polymer defined 
50 above, (B) an organic solvent, and (C) a photoacid generator. In preferred embodiments, the resist composition further 
includes a basic compound and/or a dissolution inhibitor. 

[0010] in a further aspect, the invention provides a process for fomning a pattern, comprising the steps of (1) applying 
the chemical amplification resist composition defined above onto a substrate to fonn a coating; (2) heat treating the 
coating and exposing the coating to high energy radiation with a wavelength of up to 300 nm or electron beam through 
55 a photo-mask; (3) optionally heat treating the exposed coating, and developing the coating with a developer. 

[0011] For the purpose of increasing the transmittance in proximity to 157 nm, reducing the number of carbonyl and 
carbon-to-carbon double bonds is believed effective while it has been found that the introduction of fluorine atoms into 
the base polymer greatly contributes to an improvement in transmittance. In fact, a polymer having fluorine introduced 
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into the aromatic rings of polyvinyl phenol has a transmlttance of nearly practically acceptable level. This base polymer, 
however, was found difficult to use as the resist in practice because it undergoes substantial negative conversion upon 
exposure to high energy radiation such as F2 laser light. In contrast, a polymer obtained by introducing fluorine into 
an acrylic resin or a polymer comprising as the backbone an aliphatic cyclic compound originating from a norbornene 
5 derivative has been found to have a minimized absorption at the desired wavelength and eliminate the negative working 
problem. In particular, an ester polymer having fiuorlnated alkyl groups introduced therein not only has a further en- 
hanced transmlttance In proximity to 157 nm, but is so acid labile that the effect Qf enhancing the contrast of alkali 
dissolution is exerted. 

10 DETAILED DESCRIPTION; PREFERENCES AND OPTIONS Polymer . 
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[0012] The polymer or high molecular weight compound Is defined as having groups of the following general formula 
(1), particularly in which the -O Is of an ester group, and especially recun'ing units of any of the following general 
fomiulas (2-1) to (2-5). Units of fomiuia (1) e.g. (2) preferably constitute at least 10mol%, more preferably at least 20 
or 30mol%, of monomer residues in the polymer. 
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[0013] Herein 1=^2, R3 and R^ are independently hydrogen, fluorine or unsubstituted or fluorinated, straight, 
branched or cyclic alkyi groups of 1 to 20 carbon atoms, and at least one of R^, R^, R^^ and R^ contains fluorine. R^ 
R6 and R7 are independently hydrogen; fluorine or unsubstituted or fluorinated, straight, branched or cyclic alkyI groups 
of 1 to 20 carbon atoms; R^ and R^ are Independently hydrogen, methyl or CH2C02R''"'; R''° is an unsubstituted or 
fluorinated, straight, branched or cyclic allcylene group of 1 to 20 carbon atoms; R^"' is a substituted or unsubstituted, 
straight, branched or cyclic aikyi group of 1 to 20 carbon atoms; and l< is equal to 0 or 1 . 

[0014] The straight, branched or cyclic allcyl groups are tiiose of 1 to 20 carbon atoms, preferably 1 to 12 carbon 
atoms, and more preferably 1 to 10 carbon atoms, including methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert- 
butyl, cyclopentyl, cyclohexyl, 2-ethylhexyl, and n-octyl. The fluorinated alky! groups correspond to the foregoing alkyl 
groups in which some, most or all hydrogen atoms are replaced by fluorine atoms and include, for example, trifluor- 
omethyl, 2,2,2-trif luoroethyl. 3,3,3-trlf luoropropyl, and 1 ,1 ,2,2,3,3 ,3-heptafluoropropyl. The substituted alkyl groups are 
typically the fluorinated alkyl groups described just above, though not limited thereto. Groups described as 'unsubsti- 
tuted or fluorinated' may also be substituted, e.g. with other halogens, but this is not preferred. The alkylene groups 
of 1 to 20 carbon atoms and fluorinated alkylene groups of 1 to 20 carbon atoms correspond to the foregoing alkyl 
groups and fluorinated alkyl groups of 1 to 20 carbon atoms, with one hydrogen atom being eliminated therefrom, and 
they are preferably of 1 to 1 2 carbon atoms, and especially 1 to 1 0 carbon atoms. 

[0015] Illustrative examples of the group of above fomnula (1 ) include groups of the following fomnulas (3-1 ) to (3-3). 
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so [0016] For the purpose of improving adhesion, recurring units of any of the following formulas (4) through (39) may 
be Introduced into the inventive polymer in addition to the above-described units. 
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[0019] Herein, R5 to R^o and k are as defined above, R is an acid labile group. 

[0020] The acid labile group represented by R is selected f ronn a variety of sucli groups, preferably from among the 
groups of the following fomnulas (40) and (41 ), tertiary allcyl groups with 4 to 40 carbon atoms of the following formula 
(42), trialkylsllyl groups whose allcyl groups each have 1 to 6 carbon atoms, and oxoallcyl groups of 4 to 20 carbon atoms. 
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[0021] In fonnula (40), R^2 jg a tertiary alkyi group of 4 , to 20 carbon atoms, preferably 4 to 15 carbon atoms, a 
trialkylsilyl group whose alkyI groups each have 1 to 6 carbon atoms, an oxoalkyi group of 4 to 20 carbon atoms or a 
group of fomnula (42). Exemplary tertiary alkyl groups are tert-butyl, tert-amyl. 1,1-diethylpropyi, 1-ethylcyclopentyl, 
1 -butyicyclopentyl, 1-ethylcyclohexy!, l-butyicyclohexyl, 1-ethyl-2-cyclopentenyl, 1-ethyl-2-cyclohexenyl, and 2-me- 
thyl-2-adamantyl. Exemplary trialkylsilyl groups are trimethylsllyl, triethylsilyl, and dimethyl-tert-butyisllyl. Exemplary 
oxoalkyi groups are 3-oxocyclohexyl, 4-methyl-2-oxooxan-4-yl, and 5-methyl-5-oxooxoran-4-yl. Letter "a" is an Integer 
of 0 to 6. 

[0022] In fomnula (41), Ri^ and R""* are Independently hydrogen or straight, branched or cyclic alkyl groups of 1 to 
1 8 carbon atoms, preferably 1 to 1 0 carbon atoms, for example, methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl, tert- 
butyl, cyclopentyl, cyclohexyl, 2-ethylhexyl and n-octyl. R15 is a monovalent hydrocarbon group of 1. to 18 carbon 
atoms, preferably 1 to 10 carbon atoms.. which may have a hetero atom (e.g., oxygen atom), for example, straight, 
branched or cyclic alkyl groups, and such groups in which some hydrogen atoms are replaced by hydroxyl. alkoxy, 
0x0, amino or alkylamino groups. Illustrative examples of the substituted alkyl groups are given below. 
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— eCH2 )4 -OH —-e CH2 )20(CH2)3CH3 — CH2 -(^ y- CH2OH 
eCH2)6~OH fCH2)20(CH2)20H — CH.-V 



[0023] A pair of R^^ ru q p^j^ pi3 r15^ or a pair of R^^ and R'^^^ taken together, may form a ring. Each 
of R''^, RU and B^^lsa straight or branched alkylene group of 1 to 1 B carbon atoms, preferably 1 to 1 0 carbon atoms, 
when they form a ring. 

[0024] Illustrative examples of the acid labile groups of fonmula (40) include tert-butoxycarbonyl, tert-butoxy-carbo- 
nylmethyl, tert-amyloxycarbonyl, tert-amyloxycarbonylmethyl, 1 ,1 -diethylpropyloxycarbonyl, 1 ,1 -diethylpropyloxycar- 
bonylmethyl, 1 -ethylcyclopentyloxycarbonyl, 1 -ethylcyclopentyloxycarbonylmethyl, 1 -ethyl-2-cyclopentenyloxycarbo- 
nyl, 1rethyl-2-cyclopentenyloxycarbonylmethyl, 1 -ethoxyethoxycarbonylmethyl, 2-tetrahydropyranyloxycarbonylme- 
thyl, and 2-tetrahydrofuranyloxycarbonylmethyl. 

[0025] Of the acid labile groups of fomiula (41 ), illustrative examples of the straight or branched groups are given 
below. 

— CH2-^6— CH3 —CHg— O— CH2— CH3 —CHg— 0— (CH2)2— CHg 

CH3 
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CH2— O— (CH2)3— CH3 — CH2— O— CH— CH3 



CH3 CH3 CH3 
■CH2— O — C— CH3 — — GH3 CH— O — CH2CH3 



CH3 CH3 CH3 
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-CH— O— (CH2)3— CH3 CH — O— (CH2)2-CH3 



10 



EP 1 126 322 A2 



CH3 
CH2 

-CH— 0— (CH2)3-CH3 



CH3 
CH2 

-CH— 0— (CH2)2-CH3 



CH3 . 

(CH2)2 

CH— O— (CH2)3-CH3 — CH— 0— (CH2)2-CH3 



CH3 
I ^ 

(9H2)2 




CH3 

— CH— 0 




CH, 
I ^ 

CH3 



-CH, 



CH3 

-C— O — CHn— CH3 

I. 

CH3 



[0026] Of the acid labile groups of formula (41), Illustrative examples of the cyclic groups Include tetrahydrofuran- 
2-yl, 2-methyltetrahydrofuran-2-yl, tetrahydropyran-2-yl and 2-methyltetrahydropyran-2-yl. Preferred among the 
groups of fonnula (41) are ethoxyethyl. butoxyethyl and ethoxypropyl. 

[0027] In formula (42), R^®, R"'^ and R^s are independently monovalent hydrocarbon groups, for example, straight, 
branched or cyclic alky! groups of 1 to 20 carbon atoms, which may contain a hetero atom such as oxygen, sulfur, 
nitrogen orfluorine. A pair of R^^ and R^^^ a pair of R^® and R''^, or a pair of R'"^ and R^^, taken.together, may forni a ring. 
[0028] Examples of the tertiary alky! group represented by formula (42) Include tert-butyl, triethylcarbyl, 1 -ethylnor- 
bomyl, 1 -methylcyclohexyl, 1-ethylcyclopentyl, 2-(2-methyi)adamantyl, 2-(2-ethyl)adamantyl, and tert-amyl. 
[0029] Other illustrative examples of the tertiary alkyl group are given below as formulae (43) through (58). 
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(53) (54) (55) (56) (57) (58) 

[0030] Herein, R''® is a straight, branched or cyclic alicyl group of 1 to 6 carbon atoms, for example, methyl, ethyl, 
propyl, isopropyl, n-butyl, sec-butyl, n-pentyl, n-hexyl, cyclopropyl, cyclopropylmethyl, cyclobutyl, cyclopentyl or cy- 

30 clohexyl. R^o Is a straight, branched or cyclic alkyi group of 2 to 6 carbon atoms, for example, ethyl, propyl, isopropyl, 
n-butyl, sec-butyl, n-pentyl, n-hexyl, cyclopropyl, cyclopropylmethyl, cyclobutyl, cyclopentyl orcyclohexyL R^^ Is hy- 
drogen, a monovalent hydrocarbon group of 1 to 6 carbon atoms which may contain a hetero atom, or a monovalent 
hydrocarbon group of 1 to 6 carbon atoms which may be separated by a hetero atom. The hetero atom is an oxygen, 
sulfur or nitrogen atom, which is contained or intervenes in the form of -OH, -OR, -0-, -S-, -S(=0)-, -NHg, -NHR, -NRg, 

55 -NH-, or -NR- wherein R is an alkyI group of 1 to 20 carbon atoms, and especially 1 to 1 6 carbon atonhs. R^^ ig hydrogen 
or an alkyI, hydroxyalkyi, alkoxy or alkoxyalkyi group of 1 to 20 carbon atoms, especially 1 to 16 carbon atoms, whbh 
may be straight, branched or cyclic. Illustrative examples include methyl, hydroxymethyi, ethyl, hydroxyethyl, propyl, 
isopropyl, n-butyl, sec-butyl, n-pentyl, n-hexyl, methoxy, methoxymethoxy, ethoxy, and tert-butoxy. 
[0031] Of the acid labile group represented by R, the trialkyisilyl groups whose alkyI groups each have 1 to 6 carbon 

40 atoms include trtmethylsilyl, triethylsilyl, and tert-butyldimethylsllyl. 

[0032] < The oxoalkyl groups of 4 to 20 carbon atoms include 3-oxocyclohexyl and similar groups. 
[0033] The polymer of the invention may be prepared using an essential monomer having a carbon-to-carbon double 
bond and a group of fomiula (1).and optionally, other monomer e.g. to provide units of one of fonnulas (4) to (39) and/ 
or additional monomer to provide units of one or more of fonnulas (i) to (v). Illustratively, an essential monomer usable 

45 herein is a monomer to provide recurring units of one of formulas (2-1 ) to (2-5), for example, a monomer of the following 
fomnula to provide recuninq units of formula (2-1 ). 
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[0034] The polymer or high molecular weight compound Is generally prepared by mixing the above-mentioned es- 
15 sentlal monomer and optional monomers with a solvent, adding a catalyst thereto, and effecting polymerization reaction 
while heating or cooling the system If necessary. The polymerization reaction depends on the type of initiator or catalyst, 
trigger means (including light, heat, radiation and plasma), and polymerization conditions (including temperature, pres- 
sure, concentration, solvent, and additives). Commonly used for the polymerization of the monomer are radical polym- 
erization of triggering polymerization with radicals of a,a'-azobisisobutyronitrile (AIBN) or the like, and ion (anion) po- 
20 lymerization using catalysts such as allcyl lithium. Such polymerization may be effected in a conventional manner. 
[0035] Provided that A denotes units having a group of fomnula (1), B denotes units of formulas (4) to (39) and C 
denotes units of formulas (i) to (v), a preferred polymer is representable by the following fomiula. 

\^ . (A)a(B)b(C)c 

Herein, "a" is a positive number, and "b" and "c" are 0 or positive numbers, and preferably satisfy the following range. 

0.1 ^ a/(a+b+c) S 0.8, especially 0.3 < a/(a+b+c) < 0,6 
30 0 ^ b/(a+b+c) < 0.8, especially 0.1 < b/(a+b+c) ^0.6 

0 s c/(a+b+c) < 0.5, especially 0 < c/(a+b+c) < 0.3 

[0036] The polymer of the invention preferably has a weight average molecular weight of about 1 ,000 to 1 ,000,000, 
and especially about 2,000 to 1 00,000. 
35 [0037] The polymer of the invention is useful as a base resin In resist compositions, typically chemical amplification 
type resist compositions, arid especially chemical amplification type positive resist compositions. 

Resist composition 

40 [0038] A second aspect of the invention is a resist composition comprising the polymer defined above. 

[0039] In one preferred embodiment, the invention provides a chemical amplification positive resist composition com- 
prising (A) the polymer defined above as a base resin, (B) an organic solvent, and (C) a photoacid generator. 
[0040] The resist composition may further contain (D) a basic compound and/or (E) a dissolution inhibitor. 

45 Component (B) 

[0041] The organic solvent used as component (B) in the invention may be any organic solvent in which the photoacid 
generator, base resin (inventive polymer), dissolution inhibitor, and other components are soluble. Illustrative, non- 
limiting, examples of the organic solvent include ketones such as cyclohexanone and methyl-2-n-amylketone; alcohols 

50 such as 3-methoxybutanol, 3-methyl-3-methoxybutanol, 1 -methoxy-Z-pro panel, and 1 -ethoxy-2-propanol; ethers such 
as propylene glycol monomethyl ether, ethylene glycol monomethyl ether, propylene glycol monoethyl ether, ethylene 
glycol monoethyl ether, propylene glycol dimethyl ether, and diethylene glycol dimethyl ether; and esters such as pro- 
pylene glycol monomethyl ether acetate, propylene glycol monoethyl ether acetate, ethyl lactate, ethyl pyruvate, butyl 
acetate, methyl 3-methoxypropionate, ethyl 3-ethoxypropionate, tert-butyl acetate, tert-butyl propionate, and propylene 

55 glycol mono-tert-butyl ether acetate. 

[0042] Also useful are fluorinated organic solvents. Examples Include 2-fluoroanisole, 3-fluoroanisole, 4-fluoro- 
anisole, 2,3-dlfluoroanisole, 2,4-difluoroanisole, 2,5-difluoroanisole, 5,8-difluoro-1 ,4-benzodioxane, 2,3-difluorobenzyl 
alcohol, 1,3-difiuoro-2-propanol, 2',4'-diflupropropiophenone, 2,4-dlfluorotoluene, trifiuoro-acetaldehyde ethyl hernia- 
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cetal, tiifiuoroacetamlde, trifluoroethanol, 2,2,2-trlfluoroethyl butyrate, ethyl heptaf luorobutyrate, ethyl heptaf luorobuty- 
lacetate, ethyl hexafluorogiutarylmethyL ethyl 3-hydroxy-4,4,4-trifluorobutyrate, ethyl 2-methyl-4,4,4-trifluoroacetoac- 
etate, ethyl pentafluorobenzoate, ethyl pentafluoropropionate, ethyl pentafluoropropynylacetate, ethyl ^per- 
fluorooctanoate, ethyl 4,4,4-trifluoroacetoacetate, ethyl 4, 4,4-trlf luorobutyrate, ethyl 4,4,4-trlfluorocrotonate, ethyl trif- 
luorosulfonate, ethyl 3-(trifluoromethyl)butyrate, ethyl trifluoropyruvate, S-ethyl trifluoroacetate, fluorocyclohexane, 
2,2,3,3,4,4,4-heptafluoro-1 -butanol, 1 ,1 ,1 ,2,2,3,3-heptafluoro-77-climethyl-4,6-octanedione. 1 ,1 ,1 ,3,5,5,5-heptafluor- 
opentane-2,4-dlone, 3,3,4,4,5,5,5-heptafluoro-2-pentanol, 3,3,4,4,5,5,5-heptafluoro-2-pentanone, isopropyl 4,4,4-trlf- 
luoroacetoacetate, methyl perfluorodecanoate, methyl perfluoro{2-methyl-3-oxahexanoate), methyl perfluoronona- 
noate, methyl perfluorooctanoate, methyl 2,3;3,3-tetrafluoroproplpnate, methyl trifluoroacetoacetate, 
1 ,1,1 ,2,2,6,6,6-octafluoro-2,4-hexanedione, 2,2,3,3,4,4,5,5-octafluoro-1-pentanol, 1H, 1H, 2H, 2H-perfluoroTl -decan- 
ol, perfluoro-2,5-djmethyl-3,6-dioxane anionic acid methyl ester, 2H>perfluoro-5-methyl-3,6-dioxanonane, 1H, 1H, 2H, 
3H, 3H-perfluorononane-1,2-diol, 1H, 1H, 9H-perfluoro-1-nonanol, 1H, 1H-perfluorooctanoi, 1H, 1H, 2H, 2H-per- 
fluorooctanol, 2H-perfluoro-5,8,11 ,14-tetramethyl-3,6,9,12,15-pentaoxaoctadecane, perfluorotributylamlne, perfiuoro- 
trihexylamine, methyl perfluoro-2,5,8-trimethyl-3,6,9'trioxadodecanoate, perfluorotripentylamine, perfluorotripro- 
pylamine, 1H, 1H,2H, 3H,3H-perfluoroundecane-1,2-diol, trlfluorobutanol-1,1 ,1-trifluorO"6-methyl-2,4-hexanedione, 
1,1,1-trifluoro-2-propanol, 3,3,3-trlfluoro-1-propanol, 1 ,1 ,1-trifluoro-2-propyl acetate, perfluoro-butyltetrahydrofuran, 
perfluoro(butyltetrahydrofuran), perfluorodecalin, perfluoro(1 ,2-dimethylcyclohexane), perfluoro(1 ,3-dimethylcy- 
clohexane), propylene glycol trifluoromethyl ether acetate, propylene glycol methyl ether trifluoromethyl acetate, butyl 
trifluoromethylacetate, methyl 3-trifluoromethoxyproplonate, perfiuorocyclohexanone, propylene glycol trifluoronnethyl 
ether, butyl trifluoroacetate, and 1,1,1-trifluoro-5,5-dlmethyl-2,4-hexanedione. These solvents may be used alone or 
In combinations of two or more thereof. 

[0043] Of the above organic solvents, preferred are diethylene glycol dimethyl ether and 1 -ethoxy-2-propanol, in 
which the photoacid generator is most soluble, and propylene glycol monomethyl ether acetate which is safe, and 
mixtures thereof . 

[0044] The organic solvent Is typically used In an amount of about 200 to 5,000 parts by weight per 100 parts by 
weight of the base resin. 

Component (C) 

[0045] Suitable examples of the photoacid generator (C) Include onium salts of general fomiula (59) below, dia- 
zomethane derivatives of fomfiula (60), glyoxime derivatives of formula (61), p-ketosulfone derivatives, disulfone de- 
rivatives, nitrobenzyisulfonate derivatives, sulfonic acid ester derivatives, and ImidoyI sulfonate derivatives. 

(R^^)^M^K- (59) 

[0046] In the fonnula, is a straight, branched or cyclic alkyi of 1 to 12 cartDon atoms, an aryl of 6 to 12 carbon 
atoms, or an aralkyi of 7 to 12^carbon atoms; M+ is iodonium or sulfonium; K" is a non-nucleophilic counter-ion; and 
the letter m Is 2 or 3. 

[0047] Illustrative examples of alkyi groups represented by R23 include methyl, ethyl, propyl, butyl, pentyl, 2-oxocy- 
clohexyl, norbomyl, and adamantyl. Exemplary aryl groups include phenyl; alkoxyphenyl groups such as p-methoxy- 
phenyl, m-methoxyphenyl. o-methoxyphenyl, ethoxyphenyl, p-tert-butoxyphenyl, and m-tert-butoxyphenyl; and alkyi- 
phenyl groups such as 2-methylphenyL 3-methylphenyl, 4-methylphenyl, ethylphenyl, 4-tert-butylphenyl, 4-butylphe- 
nyl, and drmethylphenyl. Exemplary aralkyi groups include benzyl and phenethyl. Examples of the non-nucleophilic 
counter-ion represented by K* include halide Ions such as chloride and bromide; fluoroalkylsuifonate ions such as 
triflate, 1 ,1 ,1-trifluoroethanesulfonate, and nonafluorobutanesulfonate; arylsulfonate ions such as tosylate, benze- 
nesulfonate, 4-fluorobenzenesulfonate, and 1 ,2,3,4,5-pentafluorobenzenesulf6nate; and alkylsulfonate ions such as 
mesylate and butanesuifonate.. 



N2 • 

H 

R'-sOrC-sOrR'' . (60) 

[0048] In the fomiula,. R24 and R^s are straight, branched or cyclic alkyi or halogenated alkyi groups of 1 to 1 2 carbon 
atoms, aryl or halogenated aryl groups of 6 to 12 cariDon atoms, or aralkyi groups of 7 to 12 carbon atoms. 
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[0049] Illustrative examples of alkyi groups represented by R^^ and R^s include methyl, ethyl, propyl, butyl, amy!, 
cyclopentyl, cyclbhexyl, norbornyl. and adamantyl. Exemplary halogenated alkyl groups Include trlfluoromethyl, 
1,1,1-trifluoroethyI, 1,1,1-trichloroethyl, and nonafiuorobutyL Exemplary aryl groups include phenyl; alkoxyphenyl 
groups such as p-methoxyphenyl, m-methoxyphenyl, o-methoxy-phenyl, ethoxyphenyl, p-tert-butoxyphenyl, and m- 
tert-butoxyphenyl; and alkylphenyl groups such as 2>methylphenyl. 3-methylphenyl, 4-methylphenyl, ethylphenyl, 
4-tert-butylphenyl, 4-butylphenyl, and dimethylphenyl. Exemplary halogenated aryl groups include fluorophenyl, chlo- 
rophenyl, and 1 ,2,3,4,5-pentafluorophenyl. Exemplary aralkyl. groups include benzyl and phenethyl. 

R^S02-0-N-C-C-N-0-S02-R^^ (61) 

[0050] In the formula, R26, R27, and R^s are straight, branched or cyclic alkyl or halogenated alkyl groups of 1 to 12 
carbon atoms, aryl or halogenated aryl groups of 6 to 12 carton atoms, or aralkyl groups of 7 to 12 carbon atoms. R27 
and R28 may together form a cyclic structure with the proviso that If they fomn a cyclic structure, each is a straight or 
branched alkylene group of 1 to 6 carbon atoms. 

[0051] The alkyl, halogenated alkyl, aryl, halogenated aryl, and aralkyl groups represented by R^e, r27^ and R28 are 
exemplified by the same groups as mentioned above for R^^ and R^s. Examples of alkylene groups represented by 
R27 and R28 Include methylene, ethylene, propylene, butylene, and hexylene. 
[0052] Illustrative examples of the photoacid generator include: 

. onium salts such as diphenyliodonlum trifluoromethanesulfonate, (p-tert-butoxyphenyl)phenyliodonium trifluor- 
omethanesulfonate, diphenyliodonium p-toluenesulfonate, (p-tert-butoxyphenyl)phenyliodonium p-toluenesul- 
fonate, trlphenylsulfonlum trifluoromethanesulfonate, (p-tert-butoxyphenyl)diphenylsulfonlum trifiuorom 
fonate, bis(p-tert-butoxyphenyl)phenylsulfonium trifluoromethanesulfonate, trls(p-tert-butoxyphenyl)sulfonium tri- 
fluoromethanesulfonate, triphenylsulfonium p-toluenesulfonate, (p-tert-butoxyphenyl) diphenylsulfoni urn p-tolue- 
nesulfonate, bls(p-tert-butoxyphenyl)phenylsulfonium p-toluenesulfonate, tris(p-tert-butqxyphenyl)sulfonium p-tol- 
uenesulfonate, triphenylsulfonium nonafluorobutanesulfonate, triphenylsulfonium butanesulfonate, trimethylsulfo- 
nium trifluoromethanesulfonate, trimethylsulfonium p-toluenesutfonate, cyclohexylm6thyl{2-oxocyclohexyl)sulfo- 
nlum trifluoromethanesulfonate, cyclohexylmethyl(2-oxocyclohexyl)sulfonium p-toluenesulfonate, dimethylphenyl- 
sulfonium trifluoromethanesulfonate, dimethylphenylsulfonium p--toiuenesulfonate, dicyclohexylphenylsulfonium 
trifluoromethanesulfonate, dicyclohexylphenylsulfonium p-toluenesulfonate, trinaphthylsulfonium trifluorometh- 
anesulfonate, cyclohexylmethyl(2-oxocyclohexyl)sulfonium trifluoromethanesulfonate, (2-norbornyl)methyl(2-ox- 
ocyclohexyl)sulfonium trifluoromethanesulfonate, ethylene bis[methyl(2-oxocyclopentyl)su If onium trifluorometh- 
anesulfonate], and 1 ,2'-naphthylcariDonylmethyttetrahydrothiophenium triflate; 

diazomethane derivatives such as bis(benzenesulfonyl)dia2omethane, bis(p-toluenesulfonyl)diazomethane, bis 
(xylenesulfonyl)diazomethane, bis(cyclohexylsulfonyl)dlazomethane, bis(cyclopentylsulfonyl)diazomethane, bis 
(n-butylsulfonyl)diazomethane, bis(isobutylsulfonyl)dlazomethane, bis{sec-butylsulfonyl)diazomethane, bls(n- 
propylsulfonyl)diazomethane, bis(isopropylsulfony!)diazomethane, bis(tert-butylsulfonyl)diazomethane, bis(n- 
amylsulfonyl)diazomethane, bis(lsoamylsulfonyl)diazomethane, bis(sec-amylsutfonyl)dia2omethane, bis(tert- 
amylsulfonyl)dlazomethane. 1-cyclohexyisulfonyl-1-(tert-butylsulfonyl)diazomethane, 1-cyclohexylsulfonyl-1- 
(tert-amyisulfonyl)dlazomethane, and 1-tert-amylsulfonyl-1-{tert-butylsulfonyl)diazomethane; 
glyoxime derivatives such as bis-o-(p-toluenesulf onyl)-a-dimethylglyoxime, bis-o-(p-toluenesulfonyl)-a-diphenylg- 
lyoxime, bis-o-(p-toluenesulfonyl)-a-dlcyclohexy!glyoxlme, bis-o-(p-toluehesulfonyl)-2,3-pentanedioneglyoxime, 
bis-o-(p-toluenesulfonyl)-2-methyl-3,4-pentanedioneglyoxime, bis-o-(n-butanesulfonyl)-a-dimethylgly6xime, bis- 
o-(n-butanesulfonyl)-a-diphenylglyoxime, bis-o-{n-butanesulfonyl)-a-dicyclohexylglyoxime, bis-o-(n-butanesulfo- 
nyl)-2,3-pentanedloneglyoxime, bis-o-(n-butanesulfonyl)-2-methyl-3,4-pentanedioneglyoxime, bls-o-(meth- 
anesulfonyl)-a-dimethylglyoxime, bis-o-(trifluoromethanesulfonyl)-a-dimethylglyoxime, bis-o-(1 ,1 ,1 -trifluor- 
oethanesulfonyl)-a-dlmethylglyoxime,bls-o-(tert-butanesulfonyl)-a-dlmethylglyoxime, bis-o-(perfluoro-octanesul- 
fonyl)-a-dimethylglyoxime, bis-o-(cyclohexanesulfonyl)-a-dtmethylglyoxime, bis-o-(benzenesulfonyl)-a-dinnethyl- 
glyoxlme,bis-o-(p-fluorobenzenesulfonyl)-a-dimethylglyoxime,bis-o-(p-tert-butylbenzenesulfonyl)-a-dimethylg 
oxime, bis-o-(xylenesulfonyl)-a-dimethylglyoxlme. and bis-o-{camphorsulfonyl)-a-dimethylglyoxime; 
p-ketosulfone derivatives such as 2-cyclohexylcart)onyl-2-(p-toluenesulfonyl)propane and 2-lsopropyl-cari3onyl-2- 
(p-toluenesulfonyl)propane; 

disulfone derivatives such as diphenyl disulfone and dicyclohexyl disulfone; 

nitrobenzyl sulfonate derivatives such as 2,6-dinitrobenzyl p-toluenesulfonate and 2,4-dinltrobenzyl p-toluenesul- 
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fonate; 

sulfonic acid ester derivatives such as 1 ,2,3-tris(methanesu[fonyloxy)benzene, 1 ,2,3-tris(trlfluoromethanesuIfony-. 
loxy)ben2ene, and' 1 ,2,3-trls(p-toluene-sulfonyloxy)ben2ene; and 

imidoyi sulfonate derivatives such as phthalimidoyi triflate, phthallmldoyi tosylate, 5-norbornene-2,3-dlcarboxyim- 
idoyl triflate, 5-norbomene-2,3-dicarboxyimldoyl tosylate, and 5-nGrbornene-2,3-dlcariDoxyimidoyl butylsulfonate. 

[O053] Preferred among these photoacid generators are onium salts such as triphenylsulfonium trifluoromethanesul- 
fonate, (p-tert-butoxyphenyl)dfphenylsulfonlum trifluoromethanesulfonate, tris(p-tert-butoxyphenyl)sulfonlum trifluor- 
omethanesulfonate, triphenylsulfonium p-toluenesulfonate, (p-tert-butoxyphenyl)dlphenylsulfonium p-toluenesul- 
fonate, trjs(p-tert-butoxyphenyI)sulfonium p-toluenesulfonate, trinaphthylsulfonlum trifluoromethanesulfonate, c^- 
clohexylmethyl(2-oxocyclohexyl)sulfonlum trifluoromethanesulfonate, (2-nortDornyl)methyl(2-oxocyclohexyl)sulfonlum 
trifluoromethanesulfonate, and 1,2'-naphthylcarbonylmethyl-tetrahydrothiophenium triflate; diazomethane derivatives 
such as bis(ben2enesulfonyl)diazomethane, bls(p-toluenesulfonyl)dlazomethane, bis(cyclohexylsulfonyl)-diazometh- 
ane, bis(n-butylsulfonyl)dia2omethane, bis(isobutylsulfonyl) diazomethane, bis(sec-butylsulfonyI)dia2omethane, bis(n- 
propylsulfonyl)diazomethane, bis(isopropylsulfonyl)diazomethane, and bis(tert-butyl-sulfonyl)dia2omethan6; and gly- 
oxime derivatives such as bls-o-(p-toluenesulfonyl)-a-dlmethylglyoxime and bls-o-(n-butanesulfonyl)-a-dlmethylglyox- 
ime. These photoacid generators may be used singly or in combinations of two or more thereof. Onium salts are 
effective for improving rectangularity, while diazomethane derivatives and giyoxime derivatives are effective for reduc- 
ing standing waves. The combination of an onium salt with a diazomethane or a giyoxime derivative allows for fine 
adjustment of the profile. 

[0054] The photoacid generator Is prieferably added In an anriount of about 0.2 to 15 parts by weight per 100 parts 
by weight of all the base resins. At less than 0.2 part, the amount of acid generated during exposure would be too 
small and the sensitivity and resolution be poor, whereas the addition of more than 15 parts would result in a lower 
transparency and a poor resolution. 

Component (D) 

[0055] The basic compound used as component (D) is preferably a compound capable of suppressing the rate of 
diffusion when the acid generated by the photoacid generator diffuses within the resist film. The Inclusion of this type 
of basic compound holds down the rate of acid diffusion within the resist film, resulting in better resolution. In addition, 
it suppresses changes In sensitivity following exposure, thus reducing substrate and environment dependence, as well 
as improving the exposure latitude and the pattem profile. See JP-A 5-232706, 5-249683, 5-158239, 5-249662. 
5-257282, 5-289322, and 5-289340. 

[0056] Examples of suitable basic compounds include primary, secondary, and tertiary aliphatic amines, mixed 
amines, aromatic amines, heterocyclic amines, carboxyl group-bearing nitrogenous compounds, sulfonyl group-bear- 
ing nitrogenous compounds, hydroxy! group-bearing nitrogenous compounds, hydroxyphenyl group-bearing nitroge- 
nous compounds, alcoholic nitrogenous compounds, amide derivatives, and imide derivatives. 
[0057] Examples of suitable primary aliphatic amines include ammonia, methylamine, ethyiamine, n-propylamine, 
isopropylamine, n-butylamine, iso-butylamine. sec-butylamine, tert-butylamine, pentyiamine, tert-amylamine, cy- 
clopentylamine, hexylamine, cycle hexylamine, heptylamine, octylamine, nonylamine, decylamine, dodecylamlne, ce- 
tylamine, methylenediamine', ethylenediamine, and tetraethylenepentamlne. Examples of suitable secondary aliphatic 
amines Include dimethylamine, diethylamine, di-n-propylamine, dl-iso-propylamine, di-n-butylamine, di-iso-butylamine, 
di-sec-butylamine, dipentylamine, dicyclopentylamine, dihexylamlne, dicyclohexylamine, diheptylamine, dioctylamine, 
dinonyiamine, didecytamine, didodecylamine, dicetylamine, N,N-dimethylmethylenediamine, N,N-dimethylethylenedi- 
amine, and N.N-dimethyltetraethylenepentamine. Examples of suitable tertiary aliphatic amines include trimethyl- 
amine, triethylamine, tri-n-propylamine, tri-iso-propylamlne, tri-n-butylamine, tri-iso-butylamine, tri-sec-butylamine, 
tfipentylamlne. tricyclopentylamine, trihexylamine, tricyclohexylamine, triheptylamine..trioctylamine, trinonylamine, tri- 
decylamlne,tridodecylamine,tricetylamine,N,N,N',N'-tetramethylmethylenediamine, N,N,N',N'-tetramethylethylenedi- 
amine, and fM,N,N',N'-tetramethyl-tetraethylenepentamine. . - 
[0058] Examples of suitable mixed amines include dimethylethylamine, methylethylpropylaniine, benzylamine, 
phenethylamine, and benzyldimethylamlne. Examples of suitable aromatic and heterocyclic amines include aniline 
derivatives (e.g., aniline, N-methylaniline, N-ethy Ian Nine , N-propylanlline, N,N-dimethylanlline, 2-methylaniline, 
3-methylanlline,4-methylanlIine, ethylaniline, propylaniline, trimethylanillne, 2-nitroaniiine, 3-nitroaniline, 4-nitroaniline, 
2,4-dinitroanilme,. 2,6-dinitroanlline, 3,5-dinitroanlline, and N,N-dimethyltoluidine), diphenyl(p-tolyl)amtne, methyld- 
iphenylamine, triphenylamine, phenyjenediamine, naphthylamine, diaminpnaphthalene, pyrrole derivatives (e.g., pyr- 
role, 2H-pyn'ole, 1 -methylpyrrole, 2,4-dlmethylpyn'ole, 2,5-dimethylpyrrole, and N-methylpyrrole), oxazole derivatives 
(e.g., oxazole and Isooxazole), thiazole derivatives (e.g., thiazole and isothlazole), Imidazole derivatives (e.g., imida- 
zole, 4-methyilmidazole, and 4-methyl-2-phenyllmidazole), pyrazole derivatives, furazan derivatives, pyrroline derive- 
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tives (e.g., pyrroiine and 2-methyl-1-pyiToline), pyrrolidine derivatives (e.g., pyrrolidine. N-methylpyrrolidine. pyn^olldi- 
none, and N-methyipyrrolidone), imidazoline derivatives, imidazolidine derivatives, pyridine derivatives (e.g., pyridine, 
methylpyridlne, ethylpyridine, propyipyridlne, butylpyridlne, 4-(1-butylpentyl)pyridine, dimethylpyridine, trimethylpyrld- 
Ine. triethyipyridine, phenylpyrldine, 3-methyl-2-phenyipyridine. 4-tert-butyipyrldine, diphenylpyridlne, benzylpyridine, 

5 methoxypyrldlne, butoxypyridine, dimethoxypyridine, 1 -methyl-2-pyrldone, 4-pyrrolidinopyrldine, 1 -methyl-4-phenylpy- 
rldlne, 2-(1-ethylpropyl)pyrldlne, aminopyridlne, and dimethylamlnopyrldine), pyridazlne derivatives, pyrimldlne deriv- 
atives, pyrazine derivatives, pyrazoline derivatives, pyrazolidine derivatives, piperidlne derivatives, piperazine deriva- 
tives, morphoiine derivatives, indole derivatives, Isoindoie derivatives, 1H-indazole derivatives, Indollne derivatives, 
• quinoline derivatives (e.g., quinoline and 3-qulnolinecarbonitrile), isoquinoline derivatives, cinnoiine derivatives, quina- 

10 zoline derivatives, quinoxallne derivatives, phthalazlne derivatives, purine derivatives, pteridlne derivatives, cartD.azole 
derivatives, phenanthridine derivatives, acridine derivatives, phenazlne derivatives. 1,10-phenanthroline derivatives, 
adenine derivatives, adenosine derivatives, guanine derivatives, guanosine derivatives, uracil derivatives, and uridine 
derivatives. 

[0059] " Exannpies of suitable cartDOxyl group-bearing nitrogenous compounds include aminobenzoic acid, indolecar- 
15 boxylic.acid, and amino acid derivatives (e.g. nicotinic acid, alanine, alginine, aspartic acid, glutamic acid, glycine, 
histldlne, isoleuclne, glycylleucine, leucine, methionine, phenylalanine, threonine, lysine, 3-aminopyrazine-2-cariDoxyllc 
acid, and methoxyalanine). Examples of suitable sulfonyl group-bearing nitrogenous compounds include 3-pyridinesul- 
fonic acid and pyridinium p-toluenesulfonate. Examples of suitable hydroxy! group-bearing nitrogenous compounds, 
hydroxyphenyl group-bearing nitrogenous compounds, and alcoholic nitrogenous compounds Include 2-hydroxypyri- 
20 dine, aminocresol, 2,4-quinolinediol, 3-indolemethanol hydrate, monoethanolamlne, diethanolamine, triethanol amine, 
N-ethyldiethanolamine, N,N-dtethyl-ethanolamine, triisopropanolamlne, 2,2'-lriiinodlethanol, 2-aminoethanol, 3-ami- 
no-1 -propanol, 4-amino-1 -butanoi, 4-(2-hydroxyethyl)morphoiine, 2-(2-hydroxyethyl)pyridine, 1 -(2-hydroxyethyl)plper- 
,azine, 1-[2-(2-hydroxyethoxy)ethyl]piperazine, piperidlne ethanol, 1-(2-hydroxyethyl) pyrrolidine, 1 -(2-hydroxyethyl)- 
2-pyn'olldinone, 3-plperidino-1 ,2-propanediol, 3-pyrrolidino-1 .,2-propanedlol, 8-hydroxyjulolidlne, 3-quinuclidinol, 3-tro- 
25 panol, 1 -methyl-2-pyrrolidine ethanol, 1 -aziridine ethanol, N-(2-hydroxyethyl)phthalimide, and N-(2-hydroxyethyl)ison- 
icotinamide. Examples of suitable amide derivatives Include fomnamlde, N-methylformamide, N,N-dimethylformamlde, 
acetamide, N-methylacetamide, N,N-dimethylacetamlde, propionamide, and benzamlde. Suitable Imide derivatives 
include phthalimide, succinimide, and malelmlde. 

[0060] In addition, basic compounds of the following general fomnulas (62) and (63) may also be Included. 

30 

CH2CH20(R^^O)„R^^ 



35 



N- CH2CH20(R^°0)nR^^ (62) 
CH2CH20(R^^O)oR^ 



'CH2CH20(R^^O)„R^^ 

N-CH2CH20(R^^O)„R^^ (63) 
" H 

45 

[O061] In the formulas. R30, R31, R35 and R^ are independently straight, branched or cyclic alkylenes of 1 to 
20 carbon atoms; R32, r33, r34^ r37 and R^s are hydrogen, alkyls of 1 to 20 cartDon atoms, or amino; R32 and R^^, 
r33 and R3*, R32 and R^^, R^^ with R^^ and R^*, and R^^ and R^^ may bond together to fonn rings; and m, n and o 
50 are each integers from 0 to 20, with the proviso that hydrogen is excluded from R^^, R30, r31, r35 and R^ when m, n 
and 0 are equal to 0. Or, when m, n and o are all 0, not all of r29,30,3i ,35.36 are H. 

[0062] The alkylene groups represented by R29, R30^ r31^ r35 and R36 preferably have 1 to 20 carbon atoms, more 
preferably 1 to 10 cariDon atoms, and most preferably 1 to 8 carbon atoms. Examples include methylene, ethylene, n- 
propylene, isopropylene, n-butylene, Isobutylene, n-pentylene, Isopentylene, hexylene, nonylehe, decylene, cy- 
55 clopentylene, and cycle hexylene. 

[0063] The alkyi groups represented by R^^, r33^ r34^ rs? and R^s preferably have 1 to 20 cartDon atoms, more 
preferably 1 to B cariaon atoms, and most preferably 1 to 6 cariDon atoms, and may be straight, branched or cyclic. 
Examples Include methyl, ethyl, n-propyl, Isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, Isopentyl, hexyl, nonyl, decyl, 



17 



EP1 126 322 A2 



dodecyl, tridecyl, cyciopentyl, and cyclohexyl. . 

[0084] Where R32 and R33, and R^. R32 and R^^, R32 with R33 and R^^, and R^^ and R38 fomn rings, the rings 
preferably have 1 to 20 carbon atonns, more preferably 1 to B carbon atoms, and most preferably 1 to 6 carbon atoms, 
and may have branching alkyi groups of 1 to 6 carbon atoms, and especially 1 to 4 carbon atoms. 
[O065] The letters m, n, and o are each integers from 0 to 20, preferably from 1 to 1 0, and more preferably from 1 to 8. 
[0066] Illustrative examples'of the compounds of formulas (62) and (63) Include trls{2-(methoxymethoxy)ethyl}amine, 
tris{2-(methoxyethoxy)ethyl)amlne, tris[2-{(2-methoxy-ethoxy)methoxy}ethyl]amine, tris{2-(2-methoxyethoxy)ethyl} 
amine, tris{2~(1 -methoxyethoxy)ethyl}amlne, tris{2-(1 -ethoxyethoxy)ethyl}amine, tris{2-(1 -ethoxypropoxy)ethyl}amine, 
tris[2-{(2-hydroxyethoxy)ethoxy}ethyl]amine, 4,7,1 3,1 6,21 ,24-hexaoxa-1,10-dlazabicyclo[8.8.8]hexacosane, 4,7,13, 
1 8-tetraoxa-1 ,1 0-dia2ablcyclo[8.5.5)eicosane, 1 ,4,1 0,13-tetraoxa-7,1 6-dlazabicyclooctad6cane, 1-a2a-12-crown-4, 1 - 
aza-15-crown-5, and 1-aza-18-crown-6. Especially preferred basic compounds are tertiary amines, aniline derivatives, 
pyrrolidine derivatives, pyridine derivatives, quinoline derivatives, amino acid derivatives, hydroxyl group-bearing ni- 
trogenous compounds, hydroxyphenyl group-bearing nitrogenous compounds, alcoholic nitrogenous compounds, 
amide derivatives, imide derivatives, tris{2-(methoxymethoxy)ethyl}amine, tris{2-(2-methoxyethoxy)ethyl}amine, tris[2- 
{(2-methoxyethoxy)methyl}ethyl]amine, and 1-aza-16-crown-5. 

[0067] The above-described basic compound may be used singly or in combinations of two or more thereof, and is 
preferably fonnulated In an amount of about 0.01 to 2 parts, and especially about 0.01 to 1 part by weight, per 100 
parts by weight of the base resin. At less than 0.01 part, the desired effects of the basic compound would not be 
apparent, while the use of more than 2 parts may resuit in too low a resolution or sensitivity. 

Component (E) 

[0068] The dissolution inhibitor (E) is a compound with a molecular weight of up to 3,000 which changes its solubility 
in an alkalirie developer under the action of an acid. Typically, a compound obtained by partially or entirely substituting 
acid labile substituents on a phenol or carboxylic acid derivative having a molecular weight of up to 2,500 is added as 
the dissolution inhibitor. The acid labile groups used herein may be either fiuorinated acid labile groups as previously 
mentioned or customary fluorine-free acid labile groups. 

[0069] Examples of the phenol or cariDoxyllc acid derivative haying a molecular weight of up to 2,500 include 4,4'- 
(1 -m6thylethylidene)bisphenol, (1 ,1 '-biphenyl-4,4'-diol)-2,2'-methylenebis(4-methylphenol), 4,4-bls(4'-hydroxypheny!) 
valeric acid, tris(4-hydroxyphenyi)methane, 1,1,1-trls(4'-hydroxyphenyl)ethane, 1,1,2-tris(4'-hydroxyphenyl)ethane, 
phenolphthalein, thimoiphthaiein, 3,3'-difluoro[(1 ,r-biphenyl)-4,4'-dior|, 3,3',5,5'-tetrafluoro[(1 ,1 '-biphenyl)-4,4'-diol], 
4,4'-[2,2,2-trifluoro-1 -(trifluoromethy[)ethylidene]bisphenol, 4,4'-methylenebis(2-fluorophenoI), 2,2'-methylenebis 
(4-fluorophenol), 4,4'-isopropyiidenebls(2-fluorophenoI), cyclohexylidenebis(2-fluorophenol), 4,4'-[(4-fluorophenyl) 
methylene]bis{2-fluorophenol), 4,4'-methylenebis(2,6-difluorophenol), 4,4'-(4-fluorophenyl)methylenebls(2,6-difluor- 
ophenoi), 2,6-bis[(2-hydroxy-5-fluorophenyl)methyl]-4-fluorophenol, 2,6-bis[(4-hydroxy-3-fluorophenyl)methyl]- 
4-fluorophenol, and 2,4-bis[(3-hydroxy-4-hydroxyphenyl)methyl]-6-methyiphenol. The acid labile substituents are the 
same as illustrated above as fomnulas (40) to (42). 

[0070] Illustrative, non-limiting, examples of the dissolution inhibitors which are useful herein include 3,3'-5,5'- 
tetrafluoro[(1,1'-biphenyl)-4,4'-di-t-butoxycartDonyl], 4,4'-[2,2,2-trlfluoro-1-(trifluoromethyl)ethyiidene]bispheno)-4,4'-di- 
t-butoxycarbonyl, bls(4-(2'-tetrahydropyranyloxy)phenyl)methane, bis(4-(2'-tetrahydrofuranyloxy)phenyl)methane, bis 
(4-tert-butoxyphenyl)methane, fc)is(4-tert-butoxycariDonyioxyphenyl)methane, bis(4-tiert-butoxycarbonylmethyloxyphe- 
nyi)methane, bis(4-(1 '-ethoxy-ethoxy)phenyl)methane, bis(4-(1 '-ethoxypropyloxy)phenyl)methane, 2,2-bis(4'-(2"-tet- 
rahydropyranyloxy))propane, 2,2-bis(4'-(2"-tetrahydrofuranyloxy)phenyl)propane, 2,2-bis(4'-tert-butoxyphenyl)pro- 
pane, 2,2 -bls(4'-tert-butoxycarbonyloxyphenyl) propane, 2,2-bis(4-tert-butoxy-carbonylmethytoxyphenyi)propane, 
2,2-bis(4'-(1 "-ethoxy-ethoxy)phenyl)propane, 2,2-bis(4'-(1 "-ethoxypropyloxy)-phenyI)propane, tert-butyl 4,4-bis(4'-(2"- 
tetrahydropyranyloxy)phenyl)valerate, tert-butyl 4,4-bis(4'-(2"-tetrahydrofuranyioxy)phenyI)valerate, tert-butyl 4,4-bis 
(4'-tert-butoxyphenyl)valerate, tert-butyl 4,4-bis(4-tert-butoxycariDonyloxyphenyl)valerate, tert-butyl 4,4-bis(4'-tert-bu- 
toxycarbonyimethyloxyphenyl)valerate, tert-butyl 4,4-bis(4'-(r'-ethoxyethoxy)phenyl)valerate, tert-butyl 4,4-bis(4'-(1"- 
ethoxypropyloxy)phenyl)valerate, tris(4-(2'-tetrahydropyranyloxy)phenyl)methane, tris(4-(2'-tetrahydrofuranyloxy) 
phenyl)methane, tris(4-tert-butoxyphenyl)methane, tris(4-tert-butoxycariDonyloxyphenyl)methane, tris(4-tert-butoxy- . 
carbonyloxymethylphenyl)methane, tris(4-(1 '-ethoxyethoxy)phenyl)methane, tris(4i-(1 •-ethoxypropyloxy)phenyl)meth- 
ane, 1,1 ,2-tris(4'"(2"-tetrahydropyranyloxy)phenyI)ethane, 1,1 ,2-tris(4'-(2"-tetrahydrofuranyloxy)phenyl)ethane, 
1 ,1 ,2-tris(4'-tert-butoxyphenyl)ethane, 1 ,1 ,2-tris(4'-tert-butoxycarbonyl-oxyphenyl)ethane, 1 ,1 ,2-tris(4'-tert-butoxycar- 
bonylm6thyl-oxyphenyl)ethane, 1 ,1,2-trls(4*-(1 -ethoxyethoxy)phenyl)ethane, 1 ,1,2-tris(4'-(1'-ethoxypropyloxy)phenyl) 
ethane, t-butyl 2-trifluoromethyIben2enecarboxylate, t-butyl 2-trifluoromethylcyclohexanecari30xylate, t-butyl decahy- 
dronaphthalene-2,6-dlcartDOxylate, t-butyl chelate, t-butyl deoxycholate, t-butyl adamantanecariDoxylate, t-butyl ada- 
mantaneacetate, and tetra-t-butyl 1 ,1'-blcyclohexyl-3,3',4,4'-tetracarboxyIate. 

[0071] in the resist composition, usually ari appropriate amount of the dissolution inhibitor (E) is up to about 20 parts, 
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and especially up to about 15 parts by weight per 1 00 parts by weight of the solids in the connposltion. With more than 
20 parts of the dissolution inhibitor, the resist composition becomes less heat resistant because of an increased content 
of monomer components. 

[0072] The resist composition of the invention may include, as an optional Ingredient, a surfactant which is commoniy 
5 used for improving the coating characteristics. Optional ingredients may be added in conventional amounts so long as 
this does not compromise the properties of tlie material. 

[0073] A nonionic surfactant is preferred, examples of which include perfluoroalkyl polyoxyethylene ethanois, fluor- 
Inated alkyi esters, perfluoroalkylamine oxides, perfluoroalkyl EO adducts, and fluorinatedorganosiloxane compounds. 
Illustrative examples include Florade FC-430 and FC-431 from Sumitomo 3M Ltd., Surflon S-141 and S-145from Asahi 
10 Glass Co., Ltd., Unldyne DS-401 . DS-403, and DS-451 from Dalkin Industries Ltd., Megaface F-8151 from Dainippon 
Ink & Chemicals, Inc., and X-70-092 and X-70-093 from Shin-Etsu Chemical Co., Ltd. Preferred surfactants include 
Florade FC-430 from Sumitomo 3M Ltd. and X-70-093 from Shin-Etsu Chemical Co., Ltd. 

[0074] Pattern formation . using the resist composition of the invention may be carried out by a known lithographic 
technique. For example, the resist composition may be applied onto a substrate such as a silicon wafer by spin coating 

15 or the like to fomi a resist film having a thickness of 0.1 to 1 .0 pm, which is then pre-baked on a hot plate at 60 to 
200'C for 10 seconds to 1 0 minutes, and preferably at 80 to 150**C for 1/2 to 5 minutes. A patterning mask having the 
desired pattern may then be placed over the resist film, and the film exposed through the mask to an electron beam 
or to high-energy radiation such as deep-UV rays having a wavelength below 300 nm, an excimer laser, or x-rays in 
a dose of about 1 to 200 mJ/cm^, and preferably about 10 to 100 mJ/cm^, then post-exposure baked (PEB) on a hot 

20 plate at 60 to 1 50'C for 1 0 seconds to 5 minutes, and preferably at 80 to 1 30^*0 for 1/2 to 3 minutes. Finally, development 
may be camed*out using as the developer an aqueous alkali solution, such as 0.1 to 5%, and preferably 2 to 3%, 
tetramethylammonium hydroxide (TMAH)| this being done by a conventional method such as dipping, puddling, or 
spraying for a period of 10 seconds to 3 minutes, and preferably 30 seconds to 2 minutes. These steps result in the 
fonnation of the desired" pattern on the substrate. Of the various types of high-energy radiation that may be used, the 

25 resist composition of the invention is best suited to micro-pattem fonnation with, in particular, deep-UV rays having a 
wavelength of 254 to 1 20 nm, an excimer laser, especially ArF excimer laser (1 93 nm), F2 excimer laser (1 57 nm), Kr2 
excimer laser (146 nm), KrAr excimer laser (134 nm) or Ar2 excimer laser (121 nm), x-rays, or an electron beam. The 
desired pattem may not be obtainable outside the upper and lower limits of the above range. 
[0075] Using these polymers, we have been able to prepare resist compositions sensitive to high-energy radiation, 

30 f with excjsllent sensitivity and resolution at a wavelength of less than 200 nm, especially less than 1 70 nm, and excellent 
plasma etching resistance while the progress of negative conversion is restrained. Because these features of the 
present resist composition enable Its use particulariy as a resist having a low absorption at the exposure wavelength 
of a Fg excimer laser, a finely defined pattern having sidewalls perpendicular to the substrate can easily be formed, 
making the resist ideal as a micropatteming material In VLSI fabrication. 

35 ~ . • . 

EXAMPLE 

[0076] Examples of the invention are given below by way of illustration and not byway of limitation. The abbreviations 
used herein are THF fortetrahydrofuran, AIBN for a.a'-azobisisobutyronltrlle, GPC for gel pemieatlon chromatography, 
40 Mw for weight average molecular weight, and Mn for number average molecular weight. 

Synthesis Example 1 -1 

Synthesis of 1,1 -bis(trlf luoromethyl)ethyl methacrylate 

45 

[0077] In a 500-ml flask, 1 00 ml of THF was cooled to -7B**C, In which 25 g of hexafluoroacetone was dissolved. To 
the solution, 160 mi of a THF solution of 1.0M methyl lithium was added dropwise, followed by 2 hours of ripening. 
Methacrylic chloride, 17.5 g, was added dropwise, followed by 2 hours of ripening. The reaction solution was post 
treated in a conventional manner. The resulting oily substance was distilled in vacuum, collecting 28.3 g of 1 ,1-bis 
50 (trifluoromethy!)ethyl methacrylate. The yield was 75%. 

Synthesis Example 1-2 

Synthesis of 1 ,1 -bis(heptafluoroisopropyl)ethyl methacrylate 

55 - 

[0078] In a 500-ml flask, 1 00 ml of THF was cooled to -78^C, in which 25 g of bls(heptafluoroisopropy!)ketone was ' 
dissolved. To the solution, 72 ml of a THF solution of 1 .OM methyl lithium was added dropwise, followed by 2 hours of 
ripening. Methacrylic chloride, 7.9 g, was added dropwise, followed by 2 hours of ripening. The reaction solution was 
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post treated in a conventional nrianner. The resulting oily substance was distilled In vacuunrt, collecting 21 .5 g of 1 ,1 -bis 
(heptaftuoroisopropyl)ethyl methacrylate. The yield was 70%. 

Synthesis Exannple 2-1 

5 

Polymerization of 1,1-bls(trifluoromethyl)ethyl methacrylate 

[0079] In a 500-ml flask, 20 g of 1 , 1 -bis(trifiuoromethyl)ethyl methacrylate was dissolved in 1 00 ml of toluene, oxygen 
was thoroughly purged from the system, and 0.50 g of an initiator AIBISI was admitted. The flasic was heated to 60**C, 

10 ax which poiymerization reaction was effected for 24 hours. 

[0080] To purify the resulting polymer, the reaction mixture was poured into methanol whereupon the polymer pre- 
cipitated. The procedure of dissolving the collected polymer In acetone and pouring Into 5 liters of methanol for pre- 
cipitation was repeated twice. The polymer was separated and dried. There was obtained 17.2 g of a white polymer, 
poly(1 ,1 -bis(trifluoromethyl)ethyl methacrylate), This polymer was found to have a IV/lw of 9,300 g/mol as measured by 

IS the light scattering method and a dispensity (Mw/Mn) of 1 .85 as determined from the GPC elution curve. 

Synthesis Example 2-2 

Polymerization of 1 ,1 -bls(heptafluoroisopropyl)ethyl methacrylate 

20 

[0081] In a 500-ml flask, 20 got 1,1 -bis(heptafluoro-lsopropyi)ethyl methacrylate was dissolved In 100 ml of toluene, 
oxygen was thoroughly purged from the system, and 0.31 g of an initiator AIBN was admitted. The flask was heated 
to eo^C, at which polymerization reaction was effected for 24 hours. 

[0082] To purify the resulting polymer, the reaction mixture was poured into methanol whereupon the polymer pre- 
25 cipitated. The procedure of dissolving the collected polymer in acetone and pouring into 5 liters of methanol for pre- 
cipitation was repeated twice. The polymer was separated and dried. There was obtained 16.5 g of a white polymer, 
poly(1 ,1-bis(heptafiuoroisopropyl)ethyl methacrylate). This polymer was found to have a Mw of 8,700 g/mol as meas- 
ured by the light scattering method and a dispersity (Mw/IVln) of 1 .80 as detemnined from the GPC elution curve, 

30 Synthesis Example 2-3 

Copolymerization of 1 , 1 -bis(trifluoromethyl)ethyl methacrylate with Monomer 1(1:1) 

[0083] In a 500-mt flask, 1 0 g of 1 ,1 -bls(trifluoromethyI)ethyl inethacrylate and B.4 g of Monomer 1 , shown below, 
35 were dissolved in 1 00 ml of toluene, oxygen was thoroughly purged from the system, and 0.50 g of an Initiator AIBN 
was admitted. The flask was heated to 60^C, at which polymerization reaction was effected for 24 hours. 



40 



45 



50 



55 




[0084] To purify the resulting polymer, the reaction mixture was poured into methanol whereupon the polymer pre- 
cipitated. The procedure of dissolving the collected polymer in acetone and pouring into 5 liters of methanol for pre- 
cipitation was repeated twice. The poiymer was separated and dried. There was obtained 14.5 g of a white polymer. 
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This polymer was found to have a Mw of 8,500 g/mol as measured by the light scattering method and a disperslty (Mw/ 
Mn) of 1,90 as determined from the GPC elutlon curve. On ^H-NMR analysis, the polymer was found to consist of 
1 ,1-bls(trifluoro-methyl)ethyl methacrylate and Monomer 1 In a ratio of 48:52. 

5 Synthesis Example 2^ 

Copolymerlzation of 1 ,1-bls(trifluoromethyl)ethyl methacrylate with Monomer 2 (1 :1) 

[0085] In a 500-ml flask, 10 g of 1,1-bls(trlfluoromethyl)ethyl methacrylate and 6.4 g of Monomer 2, shown below, 
10 were dissolved in 1 00 ml of toluene, oxygen was thoroughly purged from the system, and 0.50 g of an initiator AIBN 
was admitted. The flask was heated to 60»C, at which polymerization reaction was effected for 24 hours. 



15 



20 



25 



0^0 



6-" 

^ O 



Monomer 2 



[0086] To purify the resulting polymer, the reaction mixture was poured Into methanol whereupon the polymer pre- 
cipitated. The procedure of dissolving the collected polymer in acetone and pouring Into 6 liters of methanol for pre- 
30 clprtation was repeated twice. The polymer was separated and dried. There was obtained 14.0 g of a white polymer. 
This polymer was found to have a Mw of 8,200 g/mol as measured by the light scattering method and a disperslty (Mw/ 
Mn) of 1 .95 as determined from the GPC elution curve. On ^H-NMR analysis, the polymer was found to consist of 
1 ,1-bis(trifluoro-methyl)ethyl methacrylate and Monomer 2 in a ratio of 49:51 . 



35 Comparative Polymers 

[0087] A polymer, designated Comparative Polymer 1 , was synthesized from a monodlsperse polyhydroxystyrene 
having a molecular weight of 1 0,000 and a disperslty (Mw/Mn) of 1 .1 0 by substituting tetrahydropyranyl groups for 30% 
of the hydroxyl groups. Comparative Poiymer 2 was poly(m6thyl methacrylate) having a molecular weight of 1 5,000 
40 and a disperslty of 1 .7. Comparative Polymer 3 was a novolac polymer having a meta/para ratio of 40/60, a molecular 

weight of 9,000 and a disperslty of 2.5. 

[0088] Next, each of the polymers of Synthesis Examples (SE) 2-1 to 2-4 and Comparative Polymers 1 to 3, 1 g, 
was thoroughly dissolved in 1 0g of propyieneglycolmonomethylether acetate (PGMEA), and passed through a 0.2-^im 
filter, obtaining a polymer solution. 
45 [0089] The polymer solution was spin coated onto a MgFs substrate and baked on a hotplate at 100**Cfor90 seconds, 
forming a polymer layer of 300 nm thick on the MgFg substrate. Using a vacuum ultraviolet spectrometer (VUV200S 
by Nihon Bunko K.K.).the polymer layer was measured for transmlttance at 248 nm, 193 nm and 157 nm. The results 
are shown in Table 1 . ' 



Polymer 


Transmittance (%) at 


248 nm 


193 nm 


157 nm 


Polymer of SE2-1 


93 


90 


56 


Polymer of SE2-2 


92 


90 


60 


Polymer of SE2-3 


92 


90 


40 
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Table 1 (continued) 



Polymer 


Transmittance (%) at 




24B nm 


193 nm 


157 nm 


Polymer of SE2-4 


93 


B9 


48 


Comparative Polymer 1 


85 


1 . 


3 


Comparative Polymer 2 


90 


70 


1 


Comparative Polymer 3 


70 


1 


6 



Examples and Comparative Examples 

[0090] Resist solutions were prepared in a conventional manner by fomfiulating the polymer, photoacid generator, 
basic compound, dissolution Inhibitor and solvent in the amounts shown In Table 2. 

[O091] On silicon wafers, DUV-30 (Nissan Chemical K.K.) was coated to form films of 55 nm thick so that the reflect- 
ance to KrF light (248 nm) was reduced below 1%. On the coated substrates, the resist solutions were spin coated, 
then baked on a hot plate at lOO'^C for 90 seconds to give resist films having a thickness of 300 nm. 
[O092] Using an excimer laser stepper (NSR-2005EX8A, froni Nikon Corporation; NA 0.5. a 0.7, ordinary Illumina- 
tion), the resist films were exposed stepwise while changing the dose every exposure area of 4 mm by 4 mm. Imme- 
diately after exposure, the resist films were baked at 110*C for 90 seconds and then developed for 60 seconds with a 
2.38% aqueous solution of tetramethylammonium hydroxide. The relationship of resist film retentivity to exposure dose 
was detemriined. The dose at which the resist film thickness was zero is designated Eth which Is the sensitivity of the 
resist. The results are also shown In Table 2. 



Table 2 



Polymer (pbw) 


Photoacid 
generator (pbw) 


Basic compound 
(pbw) 


solvent (pbw) 


Dissolution 
inhibitor (pbw) 


Eth sensitivity 
(mJ/cm2) 


SE2-1 (100) 


PAG1 (1) 


TBA (0.1) 


PGMEA (900) 




50 


SE2-2(100) 


PAG1 (1) 


TBA(O.I) 


PGMEA (900) 




56 


SE2-3(100) 


PAG1 (1) 


TBA (0.1) 


PGMEA (900) 




48 


SE2-4(100) 


PAG1 (1) 


TBA (0.1) 


PGMEA (900) 




45 


SE1 (100) 


PAG1 (1) 


TBA (0.1) 


PGMEA (900) 


DRI (10) 


45 


SE1 (100) 


PAG2 (1) 


TBA (0.1) 


PGMEA (900) 




38 


SE1 (100) 


PAG1 (1) 


TEA (0.1) 


PGMEA (900) 




53 


SE1 (100) 


PAG1 (1) 


TMMEA (0.2) 


PGMEA (900) 




55 



PAGl: 




22 



EP1 126 322 A2 



PAG2: 



DRI: 




TBA; tributylamine 
TEA: triethanolamine 

TMMEA: 




PGMEA: propylene glycol methyl ether acetate 

[0093] As is evident from Tables 1 and 2, resist materials embodying the invention showed sufficient transparency 
at the wavelength (157 nm) of excimer laser. They exhibit positive resist characteristics in that as the dose of KrF 
exposure increases, the thickness of the resist film left decreases. 

[0094] Japanese Patent Application No. 2000-038309 is incorporated herein by reference. 
[0095] Although some preferred embodiments have been described, many modifications and variations may be made 
thereto in light of the above teachings. It is therefore to be understood that the invention may be practiced otherwise 
than as specifically described in the examples. 

Claims 

1 . A polymer having groups of the following general formula (1 ): 



23 



EP1 126 322 A2 



R' 



O 



R^ H 



-R* 



(1) 



wherein R"", R2, j=?3 and are independently hydrogen, fluorine or unsubstituted orfluorinated, straight, branched 
or cyclic alkyi groups of 1 to 20 carbon atoms, and at least one of R1 , R2, R3 and R* is or contains fluorine. 

The polymer of cialnn 1 comprieing recurrihg unte represented by any of the following general fonnulas (2-1), (2-2), 
. (2-3), (2-4) and (2-5): 




0^0 

T>1 



-R" 



R^ H 



(2-1) 





R' 



8 1. 



J k 



10 




0^ O R^ 



1 










] 



(2-2) 





J k 



10 




O R 



R^- 



1 








0 1 


] 



R^ H 
(2-3) 





!io 



0^0 R^ 



R^ H 




r2 H 



(2-4) (2-5) 

wherein R"* to R^ are as defined above; RS, r6 and R^ are independently hydrogen, fluorine or unsubstituted or 
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fluorlnated, straight, branched or cyclic alkyl groups of 1 to 20 carbon atoms; R® and are independently hydro- 
gen, methyl or CH2CO2R''''; R''^ is an unsubstituted orfluorinated, straight, branched or cyclic all<ylene group of 
1 to 20 carbon atoms; R*'"' is a substituted or unsubstituted, straight, branched or cyclic alicyl group of 1 to.20 carbon 
atoms; and k is equal to 0 or 1 . 

A resist composition comprising the polymer of claim 1 or 2. 
A chemical amplification, positive resist composition comprising 

(A) the polymer of claim 1 or 2, 

(B) an organic solvent, and 
(G) a photoacid generator. 

The resist composition of claim 4 further comprising a basic compound. 

The resist composition of claim 4 further comprising a dissolution. Inhibitor. 

A process for forming a pattern, comprising the steps of: 

applying the resist composition of claim 4 onto a substrate to form a coating, 

heat treating the coating and exposing the coating to high energy radiation with a wavelength of up to 300 nm 
or electron beam through a photo-maslc. 

optionally heat treating the exposed coating, and developing the coating with a developer. 
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